The aim was to describe the psychological functioning of parents of school-age children with heart disease (HD) in a large-scale, transnational evaluation of parent dyads across the spectrum of cardiac diagnoses and a range of psychosocial domains. Parents of children with HD attending routine out-patient cardiology follow-up visits completed questionnaires assessing their mental health, coping, and family functioning. Parents (1197 mothers and 1053 fathers) of 1214 children (mean age: 12.6 years; S.D. 3.0 years; median time since last surgery: 8.9 years) with congenital or acquired HD from three centers each in the UK and the USA participated (80% response rate). Parents of children with milder HD demonstrated few differences from healthy norms and had significantly lower scores on measures of illness-related stress and post-traumatic stress than parents of children with single ventricle conditions or cardiomyopathy. Parents in these latter two diagnostic sub-groups had significantly higher levels of anxiety and depression than healthy norms but did not differ on other measures of family functioning and coping skills. There were few differences between parents from the UK and the USA. Agreement between mothers and fathers within a dyad was highest for the measure of frequency of illness-related stressors (ICC = 0.67) and lowest for anxiety (ICC = 0.12).
Introduction
Congenital heart disease (CHD) occurs in 8/1000 live births and is the most common congenital anomaly [30] . There is a wide spectrum of disease severity, ranging from minor lesions with spontaneous resolution to extremely complex, lifethreatening lesions that necessitate early and multiple palliative catheter-based and surgical interventions and lifelong medical follow-up. For some children and families frequent clinic visits, hospital stays and complex medication regimens are required. The severity of the condition may necessitate family role modifications, restrict family activities, and create new and considerable financial pressures, all resulting in significant parental burden. Although there have been dramatic increases in survival over recent decades, such medical and surgical advances have not been mirrored by similar increases in our understanding of the psychological outcomes of parents of children with a range of cardiac conditions.
In the general population [9] , as well as in families with a child with a chronic illness [15] , there is a significant relationship between parental anxiety and depression, parenting stress and family functioning and child adjustment [2] . Three recent reviews suggest that a child's diagnosis of CHD may have a significant psychological impact on their parents and that hospitalization of these children for cardiac surgery is a source of significant stress for parents [14, 34, 35] . However, results from these reviews were inconclusive. While elevated levels of parental stress, anxiety, and depression have been found in some studies, particularly those of parents of infants who had recently undergone surgery [1, 10, 18, 29] , parents in other studies had levels of psychological functioning which were comparable to parents of healthy children or published norms [25, 31, 32] . Study variability in domains evaluated and measures used, the time at which parents were assessed, sample sizes, and the inclusion of fathers as well as mothers is likely to explain some of the disparate findings. There is evidence that maternal mental health problems can have a negative impact on the child with CHD [22, 25, 31] , reinforcing the importance of assessing parental psychosocial functioning in the provision of holistic care to the child and family. A number of medical and psychological factors have been identified as correlates of parental adjustment-for example, time since cardiac surgery and the number of cardiac operations, family cohesion, and family conflict [4, 6, 27, 32] -but, as has been found in other illness conditions, the relationship between parenting distress, depression and anxiety, and disease severity is less clear.
While there is a growing body of evidence about the psychological impact of CHD on parents, particularly during infancy, far less is known about the impact on parents when children have an acquired or inherited heart condition (e.g., cardiomyopathy or electrophysiological conditions). Compared with CHD, there is greater variability and less stability over time in the incidence and presentation of different acquired or inherited conditions. In some cases, children who are seemingly completely healthy can deteriorate quickly, with all of the attendant stress and anxiety for parents, and their condition may become life-threatening, necessitating invasive treatments such as the implantation of a pacemaker or cardiac defibrillator (ICD) or heart transplantation. Limited data suggest parents of children with or at risk of long QT syndrome have elevated levels of fear and anxiety [7, 11] and quality of life (QoL) of children and adolescents with an ICD [5] was correlated more strongly with family functioning than with the severity of their heart condition, indicating the importance of assessing factors other than just clinical severity. There are few published data about parental and family functioning in these rarer diagnostic groups, thus the need for an overview of the Blandscape^of psychological functioning of parents of school-age children with heart disease (HD)-i.e., a large-scale, international evaluation of parental (parent-parent) dyads across the spectrum of cardiac diagnoses and a range of psychosocial domains. This study addresses this gap in the existing literature. Specifically, the purpose of this study was to:
1. Determine whether a large population of parents of children/adolescents with HD differ significantly by disease complexity and from published normative values. 2. Examine whether there are differences in parental responses between parents in the United Kingdom (UK) and parents in the United States (US). 3. Determine the level of agreement within parental dyads, testing whether mothers significantly differed from fathers.
Methods

Study design
The Pediatric Cardiac Quality of Life Inventory (PCQLI) Testing Study was a multi-center, cross-sectional study which involved the testing of a disease-specific QoL measure for pediatric patients with HD at ten tertiary hospitals in the UK and US [20, 36] . For this corollary study, a subset of parents at six of the sites (three each in the UK and US) also completed measures of their own psychological functioning.
Study population and data collection
Parents of children aged 8-18 years with a known heart condition (congenital or acquired) were included in the PCQLI Testing Study (consent rate: 85%). Children with a genetic syndrome or learning disability (and their parents) were excluded if the children themselves were unable to complete questionnaires. Children due to attend a routine outpatient cardiology appointment were identified from clinic lists and families were contacted before their appointment to inform them about the study. Families who agreed to participate were mailed questionnaires (for both parents if appropriate) prior to their clinic appointment and asked to complete and bring them when they came to clinic. On the day of the clinic, parents were asked to complete some additional, paper questionnaires prior to seeing the physician. If two parents attended clinic, they were both asked to complete clinic questionnaires although frequently only one parent attended.
To detect parental differences that may be due to severity of HD, pediatric patients were classified based upon their heart condition as follows: (1) two-ventricular unrepaired CHD; (2) two-ventricle lesions with previous biventricular (BV) heart surgery and/or catheter-based intervention; (3) functionally single-ventricle (SV) with previous surgery and/or catheterbased intervention; (4) cardiomyopathy; (5) pacemaker or ICD; and (6) acquired heart disease (AHD). These categories were mutually exclusive but while BV participants with a pacemaker were classified as pacemaker patients, SV participants with a pacemaker were classified as SV. We believe that SV patients with and without pacemakers are affected by their heart complexity despite the presence or absence of a device. Clinical information collected from the medical notes included previous hospitalizations, number of surgeries, and interventional/diagnostic catheters and medications. Parents provided demographic information about their race, employment, and education.
Measures
A range of psychosocial factors common to many models of psychosocial adaptation to chronic illness were assessed [28, 33] -specifically anxiety (Spielberger State-Trait Anxiety Inventory [24] and Hospital Anxiety and Depression scale) [37] , coping (Coping Health Inventory for Parents) [21] , stress (Post-traumatic Diagnostic Scale [8] , Social Readjustment Ratings Scale [12] , and Pediatric Inventory for Parents [26] ), and family functioning (Family Environment Scale) [23] . Selection of measures took into account their use in previous research, participant burden, and time available for completion (particularly in clinic). Details of questionnaires are provided in Table 1 .
Statistical analysis
Summary statistics for continuous variables were expressed as means or medians and standard deviations (confidence intervals, where appropriate) or ranges. Categorical variables were expressed as percentages. Socio-demographic differences were tested using χ 2 or t tests. To determine betweendiagnostic group significance, logistic regression (nominal data) and analysis of covariance (continuous data) were used, controlling for study site. A Bonferroni correction, for multiple group comparisons, was used for this series of analyses with the corrected probability reported. t tests and χ 2 were calculated to compare published normative data, where available, and diagnostic groups. Parental gender and country comparisons were tested using either logistic regression or analysis Coping 45 items; assesses parents' perceptions of the helpfulness of behaviors they utilize to manage family life when they have a seriously or chronically ill child; three coping strategy subscales: maintaining family integration, cooperation, and an optimistic definition of the situation; maintaining social support, self-esteem, and psychological stability; and understanding the medical situation through communication with other parents and consultation with the medical staff; higher scores indicate that a behavior is more helpful 10 Home Post-traumatic Diagnostic Scale (PTDS)
Post-traumatic stress Scale modified for this study to relate specifically to the diagnosis of child's heart condition (rather than to any traumatic event); parents asked whether they felt their child's life was in danger (yes/no) and whether they felt intense fear, horror, or helplessness (yes/no) when their child's heart condition was diagnosed; given a list of 17 items corresponding to DSM-IV PTSD symptoms of re-experiencing (5 items), avoidance (7 items), and arousal (5 items) and asked to rate frequency of each symptom in the past month on a 4-point scale (0 = not at all or only one time to 3 = five or more times a week/almost always); indicated whether or not any of the 17 symptoms had impacted on their daily life in 9 domains (e.g., work, relationships with family, fun, and activities) during the previous month; total symptom severity score could range from 0 to 51. Illness-related stress 42 items; for each item, parents report frequency and difficulty with which they experience stress related to that element of caring for their child as a result of their illness; four domains: communication, emotional functioning, medical care, and role functioning; two total scores reflect frequency of stressful events and degree of difficulty experienced by parents in coping with these events, with higher scores indicating greater frequency and difficulty and thus higher levels of parenting stress.
15 Home *The HADS was introduced part-way through the study and was therefore not available to all parents to complete of covariance, controlling for study site and diagnostic group. Levels of agreement between parents within a dyad were assessed using a weighted kappa (nominal data) and interclass correlation coefficients (ICC) (continuous data). Models included study site and diagnostic group. An alpha level of 0.05 was considered statistically significant and data were analyzed using SAS 9.2©. The Ethics committees and Institutional Review Boards of all participating institutions approved the study. Written (UK) or verbal (US) consent was obtained from all participating parents attending clinic. For parents who completed questionnaires at home only, completion was presumed to imply consent.
Results
Parents of 1214 children (composed of 1036 dyads and 178 single parents) participated in this project, representing 80% of those approached from the PCQLI Testing Study. There were no differences in demographic variables between those parents who consented to participate and those who did not consent. Table 2 shows the demographic information for the 1197 mothers and 1053 fathers completing questionnaires. Eightyfive percent (n = 1027) of primary caregivers were mothers and 15% (n = 187) were fathers. The US sample had significantly more White/Caucasian parents compared to the UK sample (p < 0.001). Finally, consistent with between-country educational differences [13] , significantly more parents from the US graduated from college/university (p < 0.001).
Medical and demographic data for the children are shown in Table 3 . More US patients had not had any hospital stays (due to the higher proportion of children with mild CHD or acquired HD from the US sites) and more UK patients had had 11 or more cardiac-related hospitalizations, due to the higher proportion of SV patients from the UK sites. There were also some significant country differences with respect to patients in educational programs and medical care utilization.
Comparisons by disease complexity/diagnostic group
Supplemental Table 1 provides results for mothers and fathers in each diagnostic group. Overall, there was a trend for parents of children with SV conditions or cardiomyopathy to have poorer psychological functioning than parents in the other groups, particularly parents of children with mild CHD or BV conditions. Parents of children with pacemakers also had scores indicative of poorer functioning on several measures when compared with parents of children with mild CHD. Significant differences between the groups for both mothers and fathers were primarily on the measures of posttraumatic stress and stress related to coping with the child's condition. Mothers and fathers of children with mild CHD also used the coping strategy of Bunderstanding the medical situation through communication with other parents and medical staff^less than parents of children in the other groups.
Comparisons with normative values
Comparisons with normative values indicated relatively few differences (Supplemental Table 1 ). Parents of children with SV conditions, cardiomyopathy, or pacemakers had higher scores on the HADS anxiety than the normative population. There were also some differences on the Family Environment Scale, with HD groups having higher levels of cohesion, expressiveness, organization, and control, and lower conflict compared with normative values.
Gender-by-country comparisons
Gender-by-country comparisons on the individual measures revealed few differences between the UK and US. the CHIP compared with parents in the UK (Table 4) . A similar pattern was seen on the Family Environment Scale Control subscale.
Parental agreement within a dyad
Dyads had the highest level of agreement on the Pediatric Inventory for Parents, Total Frequency score (ICC = 0.67), and the lowest level of agreement on the Spielberger State-Trait Anxiety Inventory (STAI) (ICC = 0.12). Comparison of mothers' and fathers' scores indicated mothers had higher levels of anxiety (HADS-Anxiety) and illness-related stress (STAI), but were more likely to report higher levels of family expressiveness (FES) and organization (FES) than fathers ( Table 5) .
Discussion
This is the first large-scale study of which we are aware to describe psychological functioning in parents of school-aged children with congenital or acquired HD. More than 2200 parents were included and, in contrast to previous studies of parental adjustment, we also recruited a large sample (n = 1053) of fathers. This sample size gave us the ability to test for differences between HD groups as well as examine between-country differences for parents. In addition, we were able to examine the level of agreement within parental dyads.
Our study results provide a positive message about the mental health and adjustment of parents of school-aged children with milder heart conditions in particular, with few reported differences compared to normative populations. Parents of children with single ventricle and cardiomyopathy had significantly higher levels of anxiety and depression than healthy norms but did not differ on other measures of family functioning and coping skills. There were relatively few differences between parents in the UK and US, despite differences in health service delivery and welfare state provision, supporting the potential generalizability of our findings to other Western countries. However, these differences in health service and welfare state support may explain the main differences that did exist between parents in the two countries, which were the greater use of adaptive coping strategies and higher levels of control by parents in the US. The free-at-thepoint-of-delivery health care and easier access to stateprovided support in the UK may result in UK families relying to a greater extent on external sources of support rather than developing and using resources within themselves and their family. While the level of agreement between mothers and fathers within a dyad was significant for the total sample on all measures of psychological functioning, mothers were more anxious and reported more illness-related stress than fathers.
In contrast to much of the existing research which focused on infancy and the early post-operative period and described elevated levels of mental health problems and psychological distress in parents of children with CHD, our data describe functioning of parents of older children and adolescents, some of whom were many years out from cardiac surgery or had diagnoses such as cardiomyopathy which have been less frequently Table 4 Parental scores on instruments, agreement between parents, and tests for differences # Interclass correlation coefficients, test statistics for differences was F test studied. Importantly, the longer-term psychological outcomes are better for some groups of parents of children with HD than might be expected from reported early results. Our findings support those of a smaller study of parents of school-aged children who had undergone repair of less complex lesions at least 7 years previously, reporting lower levels of distress and similar coping styles compared with controls. [25] .
In agreement with some previous findings [14, 35] , parents of children with more complex HD had poorer psychological adjustment than healthy norms or parents of children with less severe HD. Children with SV conditions in particular are likely to have undergone multiple surgeries, frequent hospitalizations, and require more frequent medical follow-up and daily medications than their counterparts with less severe HD. Such requirements often place significant caregiving burdens on parents, with a resulting impact on their own psychological adjustment. Furthermore, the uncertainties associated with long-term outcomes for children with SV conditions are likely to be an additional source of stress and anxiety to parents, coupled with managing their child's own reactions to their heart condition and requirement for monitoring and medical interventions. Interestingly, parents of children with cardiomyopathy were more similar to parents of children with SV conditions than to other cardiac groups. There is little published about the coping and adjustment of parents of children with cardiomyopathy but the severity, impact, and uncertainty associated with cardiomyopathy-and in particular the potential for rapid, life-threatening deterioration and requirement for invasive, urgent treatments-are likely to contribute to levels of stress and anxiety.
Family levels of cohesion were higher and levels of conflict lower than published norms, suggesting a pattern of resilience and adaptation. Levels of organization and control were also higher than published norms, suggesting that planning and rules are used to organize family life. In a recent systematic review [19] , significant positive correlations were identified between family cohesion, organization, and lack of conflict and children's psychological health, social competence, and behavior across a range of chronic illnesses, including CHD [16] . Our findings are therefore encouraging for the psychological well-being of children with HD [3] .
Mothers generally had higher levels of anxiety and symptoms of post-traumatic stress and illness-related stress than fathers, supporting previous findings [17, 25] . Mothers are more likely than fathers to assume the primary care-taking role, including responsibilities related to their child's heart condition. Mothers are also more likely to experience social isolation as a result of their child's heart condition and may have had to forego their own careers, particularly if their child had more complex HD, which may have resulted in less social support and a greater focus on the requirements of managing their child's heart condition. However, within parental dyads, there was agreement on all measures of psychosocial functioning, suggesting that parents may intentionally or unintentionally coordinate their response to their child's heart condition.
Findings from this study have implications for the delivery of psychosocial interventions. Firstly, it is evident that parents of children with HD require routine screening to enable appropriate referral to psychosocial services to address their needs and enhance their ability to cope with the myriad of stressors they encounter. Secondly, building on identification of similarities and differences in different domains of psychosocial functioning between different groups of parents will enable a more nuanced understanding and characterization of factors which enhance adaptation, which in turn can inform service provision. Thirdly, evaluation of the impact of psychological, mental health, and social work services will further facilitate effective and efficient targeting of services-for example, the positive outcomes for some groups in our study may be due to earlier psychosocial intervention but without a systematic approach to evaluation we cannot say what works for whom and why.
There are some limitations to the current study, primarily related to missing data and the fact that some parents completed home questionnaires but not clinic questionnaires whereas other parents only completed clinic questionnaires. Furthermore, often only one parent came to clinic. Although the overall study sample was large, some sample sizes and number of parental dyads in specific diagnostic groups were less than 100, but this still compared favorably with the published literature. Additionally, the choice of measures meant normative data did not exist for all measures. The proportion of academically gifted children in the US sample was high and the proportion of children with a significant mental health problem was low which may limit the generalizability of our findings to other groups of children with HD, although it is important to note that these data were provided by parents and not independently verified. Finally, the US and UK populations did differ in terms of HD diagnosis and resultant medical history, with a higher proportion of SV patients and a lower proportion with mild CHD and acquired HD from the UK sites, potentially reflecting some differences in the heart programmes at the individual sites.
Conclusion
Our results suggest that there are two stories about the longterm psychological well-being of parents of children with HD. On the one hand, there are grounds for optimism for parents of those with less complex conditions, with potentially positive consequences for the children themselves. However, it is also evident that some parents-particularly those whose children have more complex CHD or cardiomyopathy-fare worse than others and we now need to understand what factors may be Table 5 Parental scores on instruments, agreement between parents, and tests for differences All models controlled for study site and heart condition n number, CI 95th percentile confidence intervals + Weighted kappa, test statistic for differences was McNemar
Interclass correlation coefficients, test statistics for differences was F test linked to poorer (or better) psychosocial outcomes. Although within the group of parents of children with more complex CHD or cardiomyopathy a proportion of parents do well, it is not clear what protective factors might explain this. In the context of findings for infants and younger children, our results emphasize the importance of longitudinal psychosocial screening for all parents of children with HD and further research is now needed to identify factors, other than disease severity, which may increase the risk for poorer psychological outcome. Understanding how disease severity and other factors impact psychosocial outcomes, and whether any parental factors moderate or mediate the relationship between clinical variables and psychological outcomes and quality of life of children with HD, is the next step to inform the implementation of targeted interventions to improve psychosocial outcomes.
